Though existing theories predict the income gradient of individual body weight to change sign from positive to negative in process of economic development, empirical evidence is scarce. This paper adds to the literature on that topic by investigating the case of China using data from the China Health and Nutrition survey. Using a one-dimensional measure to characterize the level of economic development of a region, regression analyses indicate that more income is related to larger future growth of individuals' BMI in less developed areas whereas it lowers BMI growth in more developed areas. The switch is somewhat more pronounced for females. Finally, using concentration indices it is shown that overweight status is predominantly a problem of higher income ranks in less developed geographical areas and trickles down to lower income ranks throughout the course of economic development.
Introduction
Overweight induced by excess body fat poses a serious threat to individuals' health states as it significantly increases the probabilities of non-communicable diseases such as cardiovascular disease, diabetes, hypertension, musculoskeletal disorders (especially osteoarthritis) and various cancers (endometrial, breast and colon). The rise of overweight in developed societies throughout the last decades and its potential effects on public health is one of the most intensively studied subjects in the recent health economics literature (see e.g. Cutler et al. (2003) ; Rosin (2008) ; Philipson and Posner (2008) ; Bleich et al. (2008) ) -and the debate is still ongoing. Determinants identified are technological progress (and directly related more sedentary lifestyles) (Philipson and Posner (2003) ; Lakdawalla and Philipson (2002) ), changes in food prices (Schroeter et al. (2008) ), increased fast-food availability and cigarette taxation (Chou et al. (2004) ; Currie et al. (2010) ), sugar sweetened beverages (Pereira (2006) ) and bounded individual knowledge about the potential health consequences (Kan and Tsai (2004) ) of overweight.
On the contrary, the rise of the weight levels in developing countries has long been neglected by economists. At present, the World Health Organization (WHO) projects that by 2015, approximately 2.3 billion adults will be overweight and more than 700 million will be obese (Caballero (2007) ) -there is no doubt that a significant share is contributed by individuals from developing countries. A recent paper by Sahn (2009) strengthens this point by showing that there are few countries which are not affected by rising weight levels. Out of his sample of 30 developing countries, 17 show first order statistical dominance when their intra-country weight distribution is compared to past weight distributions. In addition, second order dominance is observed in 11 cases. While epidemiologists like Popkin (1994 Popkin ( , 1998 Popkin ( , 1999 have clearly spotted the ongoing "nutritional transition" in the developing world already some time ago, economic research (traditionally more concerned about the consequences of under-nutrition) investigating the phenomenon of growing weight levels in low-income countries is still relatively scarce. Some piecewise evidence on the phenomenon of increasing body-weight levels in developing countries has been delivered by Galal (2002) ; Fernald (2007) ; Doak et al. (2006) ; Case and Menendez (2009) ; Du et al. (2004) . In short, the papers commonly identify higher levels of obesity for the majority of developing countries, especially affected are females and more wealthy household. Surprisingly, Sahn and Younger (2009) find a significant share of households in which underweight and overweight individuals coexist. Their analysis shows that between one half and two-thirds of BMI inequality is accounted for by within-household BMI.
A striking difference between obesity in developed and developing societies has first been 1 pointed out in a meta-study by Sobal and Stunkard (1989) -and has later been updated and reconfirmed by Monteiro et al. (2004b) : While overweight is mainly a problem of individuals of lower socio-economic levels in developed countries (negative correlation between income level body-weight) (see Ball and Crawford (2005) ), the opposite is true for developing countries where overweight is relatively more widespread among individuals belonging to higher income classes (positive correlation between income level and body-weight). Empirical evidence for the latter can be found for the country specific cases of Mexico (Fernald (2007) ), Egypt (Asfaw (2007) ) and China (Popkin (1999) ). Philipson and Posner (2003) nicely modeled this inverted U-shape claiming that in poor or early societies the more obese are relatively wealthier, but in wealthy, more modern societies the more obese are relatively poorer. In fact, some studies (e.g, Monteiro et al. (2004a) ; Sarlio-Lahteenkorva et al. (2004) ) support the overall existence of such a hump shaped income-body-weight relationship. The underlying idea is that starting from a situation where overweight is mainly a problem of higher income classes, with economic development it trickles down to lower income classes.
Since an individual body-weight is determined by the relative ratio of caloric intake to caloric expenditure an increase (decrease) of this ratio, ceteris paribus, will lead to a weight increase (decrease).. Income influences both, caloric intake and caloric expenditure. With respect to the former Schroeter et al. (2008) argue that a negative income-body-weight relationship can be achieved when higher income is used to substitute a high-caloric diet by a low-caloric one, ceteris paribus. In this case, calories would be a quasi-inferior good from a certain income level onwards and higher income individuals would show lower (or negative) weight growth.
Regarding the relationship between income and caloric expenditure one might imagine a latent demand for thinness which comes into play increasing voluntary activity (e.g. sports activities) once a certain income level has been achieved. Whether weight growth becomes negative for higher income classes at a certain point is unclear and ultimately an empirical question. With respect to this question Philipson and Posner (2003) argue that although the income-body-weight gradient switches sign at a certain stage of economic development, average weight will nevertheless be higher in more developed societies, because there is less on the job-exercise given the nature of occupations in such environments (i.e. less jobs in physically demanding fields like manufacturing and more jobs in services). While theories and piecewise evidence support the hypothesis of an income-body-weight gradient that changes from a positive to a negative sign with economic development, no study has ever shown such a relationship empirically in one go. This paper attempts to fill this gap by providing empirical insights into the relationship between individuals' incomes and their weights, and changes thereof with respect to economic development. The analysis is carried out using the example of China. Contrary to a more naive framework where the gradient of interest would be compared between countries at different stages of economic development, the within country approach taken in this paper has the advantage of being subject to a more equal institutional setting as it exploits within country differentials of development. Micro level data from a highly informative longitudinal survey is utilized, namely the China Health and Nutrition Survey (CHNS). The use of longitudinal information allows a more dynamic analysis rather than just a snapshot of a single moment in time. In particular, China provides an ideal case to investigate that relationship for several reasons. Following the economic opening of the country in 1979, China's economy grew at an unprecedented average yearly rate of about 10% for the last two decades, and that momentum has been held steady (see Holz (2008) ). At the same time, this development was rather unequally distributed over the country. While coastal regions were the main beneficiaries of the uprise of the Chinese economy, provinces in inner China were dramatically left behind (Yang (1999) ). Heilig (2006) documents in a global comparison that in terms of regional GDP per capita some Chinese provinces are comparable to industrialized countries while others are still at levels of low-income countries. This provides a set-up where within the same country there is significant within and between variation with respect to the development stages of its provinces.
Parallel to economic development, China has experienced tremendous increases of overweight levels -especially in urban areas (see Popkin et al. (2006) ) . Wu (2006) and Levine (2008) provide evidence that the nutrition transition in China is currently progressing at fast pace with already more than 20% of the Chinese being overweight and another 3% being obese nowadays -translating into more than 200 million Chinese being affected by the epidemic. Given tremendous (but unequal) economic growth and significant increases in body weight patterns at the same time allows to investigate how these two phenomena are interlinked, and whether throughout this process -as theories predict-there is a shift of the disease towards lower income groups. No doubt, an analysis of the relationship between income and body-weight-levels at different stages of development is highly relevant to policy makers as it helps to understand the dynamics between income and body-weight and also allows to identify sub-groups of the population most at risk. Thus, for policy makers to be able to design possible countermeasures a deeper understanding of the dynamics is key.
In what follows, the paper will first give some information about the broad background of the topic discussing recent trends in weight levels, nutrition intakes and levels of physical activity. Moreover, a first descriptive investigation is done on how weight levels vary across wealth categories and different levels of development. After that a description of the data used, namely the CHNS, is given. Then I will describe the method facilitated to investigate the research question. Section four describes how community data from the survey is 3 used to conceptualize the concept of economic development. The resulting one dimensional measure aims to characterize individuals' living environments at the time when surveyed. The reliability of the measure is discussed in the second part of the same section. Section five presents a simple econometric set-up for the analysis at the level of individuals. The sample is divided according to different strata of economic development and BMI growth equations are estimated based on observable characteristics. Section six utilizes the concept of concentration indices to give further support to the trickling down hypothesis. Section seven concludes this paper.
Background
China was economically frail for well over the first half of the twentieth century and hit the rock bottom between 1957 and 1962 when -known as the Great Leap Forward -governmental policies to boost industrial growth resulted in the worth famine in the history of mankind.
1 During this period food production was clearly insufficient. Correspondingly, food consumption was generally low and while undernutrition was wide-spread, little evidence about increases of overweight is known. For most of that time there was limited access to progressive technologies and occupations (e.g. in agriculture or heavy industry) were mainly characterized by demanding physical activities leaving no space for excess body weight. While the economy remained at low levels throughout it was just in 1978 when broad structural reforms 2 opened the path for future economic development of the country. Subsequently, China's GDP grew on average 9.6% per year between 1978 and 2005 -and growth still persists on comparable levels to date (9.1% in 2009). Yet, developmental progress has been unequally distributed over the country and the drivers were mainly the coastal regions (see Holz (2008) ). While this economic success story is unprecedented there is consensus that it was accompanied by certain negative health effects on the population as documented by Van de Poel et al. (2009) . As predicted by the theory of Philipson and Posner (2003) China's economic and technological progress also came along with significant increases in average body weight and is now a major concern to health policy makers. Alarmingly, Popkin et al. (2006) estimate the future health cost of the overweight epidemic (and direct consequences thereof) to reach 9% of China's GDP by 2025. A WHO report finds that China could loose $558 billion of national income till 2015 due to diabetes and heart disease -both illnesses are known to be closely related to excess body weight. The main drivers of this increase are reduced physical activity of individuals due to less physically demanding occupations 3 and lifestyles (see Ng et al. (2009) ) as well as a nutritional shifts (see Du et al. (2004) ). Table 1 provides descriptive insights about this process by showing gender-specific mean trends of body size measures as well as of nutritional behaviours and caloric expenditures. 4 As common in the obesity literature, this paper uses the body mass index (BMI) measure (i.e. body-weight relative to squared height (kg/m 2 )) to describe individual body shapes. By WHO standards an individual is considered as overweight or obese if his BMI exceeds 25 or 30 respectively. Looking at broad averages the increase of body weights is inevitable. For both, females and males, average BMIs have risen continuously throughout the 15 years under consideration -for the latest years, mean BMIs were well beyond 23. While the averages are still about 3-4 points lower than those for developed countries (e.g. Germany or the U.S.) in absolute terms, BMI growth rates in China are already comparably higher (see Popkin (2008) ). Correspondingly, the percentages of overweight and obese females and males have risen too. In 2006, close to one-fourth of females and males aged 18-60 were statistically classified as overweight. Comparing the figures to Sahn (2009) this is still relatively moderate in international comparison. However, given the large population of China, obesity rates of this order translate into more than 200 million adults being affected at present.
Yet, rises in BMI wrongly suggest daily calorie intake to have increased over the same time span. Surprisingly, the numbers contrarily reveal that mean caloric intake (kcal) during the same time has actually decreased. Roughly speaking, the data indicate that both sexes on average consume about 500 kcal less per day 5 which I interpret as a result of changing caloric requirements. However, the table also shows that, parallel to reductions in total caloric intake, the relative composition in individual's diets have clearly shifted away from proteins and carbohydrates towards foods rich in fat. This is equally true for females and males respectively. In fact, China has traditionally been regarded as a country with a relatively lean population that commonly featured a healthy diet rich in cereals and vegetables. This, however, appears to be changing rapidly. A shift away from the classic diet which is reflected by the data has also been found by Du et al. (2004) . The numbers suggest that the country is undergoing a nutritional transition at high speed in which its traditional diet is continuously 3 According to Holz (2008) China's share of laborers in agriculture declined from just above 70% to 45% between 1978 and 2005.
4 Two remarks are in order. First, the means are calculated based on survey observations of CHNS (i.e. only 9 Chinese provinces are covered) and are, thus, not nationally representative. Second, some of the observed changes might be due to aging effects of the cohorts under consideration. Average age increases by approximately 1,5 years between the survey waves. However, the same calculations been made in a regression framework holding age constant yielding basically the same trends.
5 This is in line with findings of Lakdawalla and Philipson (2002) for the U.S. who find constant (or even decreasing) levels of caloric intakes over a period of significant increases of BMI levels. there is a marked shift away from heavy physical activities towards more light and sedentary ones. As with employment status, the shift is more pronounced for females where, by 2006, nearly half were classified to follow a light activity. In line with Popkin (1999) I interpret these changes as sectoral relocations brought about by the China's economic development, i.e. occupations are incrementally shifting from the agricultural and manufacturing sectors (both of which are characterized by relatively strenuous jobs) to the service sector (jobs here are often less physically demanding and sedentary). Hence, lower levels of physical activity appear to be the main driver of increasing weight levels. Following the arguments of Philipson and Posner (2003) this is most likely due to the fact that caloric expenditure has become relatively more expensive over time. Investigating mean weight measures by income classes the table further shows that increases in BMIs were rather unequal. Apparently, back in 1991 there was a rather large disparity in overweight rates between lower and higher income quintiles. Average BMI and shares of overweight increased across income quintiles and both measures were consistently higher for females at that time -overweight rates were roughly twice and three times higher in the highest quintile than in the lowest for females and males respectively. As we have already seen overall weight levels rose in the following years, but for females the differences in average BMI and overweight rates across income classes vanished. At the end of the observation period, in 2006, overweight rates for females have been homogeneously distributed throughout the income quintiles (with the middle quintiles even showing slightly higher levels). This resulted from two dynamics: weight levels rose at fast pace in lower income quintiles while they only grew slowly (or even stagnated and recently dropped) in the upper parts of the income distribution. Thus, while overall levels increased, there has been a shift of overweight concentration from higher income quintiles to lower ones for females. Naive extrapolation of that trend would suggest that in the future overweight levels will be higher for females in lower income quintiles. Yet, the situation is different for males. Here, too, all parts of the income distribution show considerable growth in average BMI and overweight over time. However, contrary to females, weight levels in males grew more heavily in higher income quintiles. By 2006 one-third of males at the end of the income distribution were classified as overweight -while in the lower quintiles this was only true for about 20%.
These major differences between females and males are consistent with what can be observed from the activity patterns. As perhaps in most societies, individuals at the bottom end of the income distribution in China are more likely to be involved in heavy activities. Since the movement out of heavy activities was more pronounced for females it is likely that they also experienced larger weight gains. For males, still a larger proportion is engaged in heavy activities preventing them from larger weight gains. However, why weight levels for males in higher income quintiles rose much faster than for females remains open.
The last set of rows in the table display mean BMI measures by geographical clusters which are assumed to reflect the varying levels of economic development. Four geographical categories are chosen, namely non-coastal rural, non-coastal urban, coastal rural and coastal rural areas.
8 Surely, this coarse classification does not fully capture the heterogeneity in terms of economic development within China. However, there is broad consensus that the main drivers of China's recent economic boom are urban areas, and especially those in coastal provinces (see Bramall (2009) for a comprehensive discussion). Hence, a comparison along these lines appears meaningful for the time being. Figure 8 .2 (appendix) underlines existing differences between the geographical clusters in terms of per capita income. In addition to income levels, the areas show significant heterogeneity in terms of individual s physical activity levels. Overall, between 1991-2006 the share of individuals with only light physical activity has increased steadily. However, it can be seen that especially individuals in urban areas are reducing their activity levels, a point that will be discussed in more detail later.
As with different income quintiles, significant variations in mean weight levels are visible.
Throughout the time span under consideration coastal areas, and especially urban areas, show higher mean BMIs and, likewise, higher levels of overweight than their non-coastal counterparts. Again, this is true for males and females. By the year 2000 (and beyond), overweight prevalence in coastal urban areas was >30% for both genders. Inevitably, there has also been a pronounced growth in BMI levels in non-coastal provinces, but their absolute levels in 2006 were just as high as those of coastal areas in the beginning of the 1990s. Yet, investigating changes rather than absolute levels, growth rates have lately been most pronounced in rural areas.
Data
To empirically test the switching income gradient hypothesis of Philipson and Posner, this paper uses data from the China Health and Nutrition Survey (CHNS). 9 CHNS is an international collaborative project between the Carolina Population Center at the University of North Carolina at Chapel Hill and the National Institute of Nutrition and Food Safety at the Chinese Center for Disease Control and Prevention. Unlike the naming of the survey may suggest it is not nationally representative, but only covers nine provinces: Guangxi, Guizhou, Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Liaoning, and Shandong 10 (see Figure 1). These provinces account for approximately 56% of the Chinese population. Within each of this provinces a draw of 24 communities were initially selected at random to participate in the survey providing a total number of over 200 communities that were grasped. When possible, these communities were constantly covered in subsequent CHNS rounds. CHNS is of longitudinal nature and comprises questions at the individual, the household and the community level.. The same households were traced throughout the years of the survey and repeatedly interviewed when possible. So far, seven rounds of the CHNS are available to researchers namely 1989, 1991, 1993, 1997, 2000, 2004 and 2006 -yet the 1989 wave is not used in this study as then data was only collected for pre-schoolers and adults aged 20-45. Follow-up levels of the CHNS are high. Individuals are repeatedly followed and interviewed as long as they remain in their original community -but households that migrate to outside their community are not followed. Survey questions asked to individuals and their households are among others related to general demographics, time use, health indicators, educational outcomes and economic indicators such as labor force participation and various incomes. With respect to the latter, aggregate household income measures are created based on individually earned incomes (i.e. wages from employment, income from agricultural activities as well as from other types of self-employment less of investments in that business), unearned incomes (i.e. income derived from assets) and state-transfers (e.g. subsidy payments) respectively. This paper uses deflated 11 per capita household income instead of individual incomes as it is strongly believed that nutrition decisions are largely made at the household level. With respect to the outcome variables of interest, individuals' anthropometrics are exactly measured by trained health workers largely ruling out measurement error 12 and reporting bias respectively (see Cawley (2004) ; Chou et al. (2004) ). Moreover, the fact that individuals are repeatedly measured allows to calculate changes in BMI over time. Furthermore, CHNS monitors individual and household food consumption in-depth allowing extensive insights into nutrition patterns -and inferences about energy intake (implying details on carbohydrates, fat and proteins). At the communal level, officials are interviewed and a wide range of community specific information on issues like infrastructure, local labour markets, service availability, health facilities etc. is collected in each wave. Due to the panel structure these information allow to capture changes in community characteristics over time and, thus, to make judgments about developmental changes. Furthermore, a distinction between rural or urban communities has been made initially in the first wave of the survey where roughly two third of the communities where classified as rural. Yet, this variable has been held fixed throughout the later waves. As this study aims to exploit not only between variation, but also within variation of communal characteristics, the rural-urban indicator does not suffice for this purpose.
The target population investigated in this paper consists of adults 18-60 years old at the time of the survey -thus children and elderly outside this age bracket are excluded from the sample. Moreover, from the outset I exclude observations with missing anthropometric data and BMI values smaller than 15 or larger than 40 (as those are extreme cases). Observations with negative values in real per capita household income were dropped from the sample.
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Finally, cases were deleted for which there is no information on the communal level, after all leaving a unbalanced sample of 43,137 person-year observations (22,547 females and 20,580 males). Selected descriptive statistics for the sample of individuals are given in Table 2 . To allow for gender heterogeneity in the relationship between income and body-weight all individual level analyses will be conducted for males and females separately.
Development Index

Construction of One-Dimensional Index of Economic-Development
This section describes how community information in the CHNS is used to construct a one dimensional index of economic development which is used in the later analysis. Although economists often approximate stages of development by simply looking at average income (per capita) I argue that for the purpose of this study a purely monetary measure of regional development is overly simplistic. Rating a region's relative standing solely based on the income of its inhabitants does not allow to fully capture the structural differences between regions that potentially affect the relationship of interest. Variations in terms of infrastructure, job market characteristics and available services could all potentially influence the way individuals at different positions of the income distribution behave with respect to their caloric intake and expenditure behaviours respectively. In the fashion of Van de Poel et al. (2009) and Jones-Smith and Popkin (2010) this paper will therefore define development in a broader manner embracing various community characteristics which are believed to reasonably depict a regions relative stage of development -among others also including average income. Advantageously, the CHNS provides a large battery of variables related to the surveyed communities that can be exploited for this purpose.
The variables used to assess a community's relative level of development are shown in Table 3 . Admittedly, the choice of the variables is to a certain extent driven by their availability throughout the community survey questionnaires. Potential candidate questions that were, however, not asked for at least one survey year have been excluded as their inclusion would have resulted in the loss of significant amounts of data. The inclusion of various other (partly related) measures has been carefully considered, but the selected ones have finally been chosen for mainly three reasons. First, the variables are believed to adequately capture the underlying development process as they cover various relevant areas. Second, while many other variables show a high degree of missing values, these variables are filled for most communities throughout all years of the survey. Third, carefully investigating within community variation of the variables, the selected candidates showed reasonable consistency over the years.
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The averages of the selected variables by survey year are itemized in Table 4 . As can be seen, all the variables show the expected trends over time and their accuracy is supported by their consistent patterns. Simply judging from these means, apparently, the communities have become more developed over the years: infrastructure has improved, services have become more widely available, the labour markets are increasingly moving away from traditional agricultural jobs to ones characterized by less physical activity, regions have become more economically integrated and, finally, real average incomes have clearly risen between 1991 and 2006.
Yet, the choice to approximate the stage of economic development by multiple dimensions disallows a unique mapping without further assumptions. In order to make well-defined intercommunal comparisons of economic development feasible a single index measure is required. Following Van de Poel et al. (2009) 15 factor analysis retaining the first factor is utilized using the pooled sample of communities to form a single development indicator based on the community variables. 16 The advantage of factor analysis in this setting is that it allows to create a measure which -assuming that the underlying latent process that drives the overtime changes of the selected community variables is economic development-is not merely a product of weights subjectively assigned to each of the variables. Though factor analysis is a wellaccepted tool for the purpose of dimension reduction 17 its resulting factors do not have a 15 Notice that Van de Poel et al. (2009) do not investigate the phenomenon of economic development, but the degree of urbanity. While these two concept might to some extent be similar, the final list of variables used in the factor analysis of this paper differs from that of their paper.
16 Only the first factor has an eigenvalue significantly greater than 1. 17 See Sahn and Stifel (2000) for a more detailed discussion on the use of factor analysis for approximation of wealth indicators 13 The result of the factor analysis reveals that about 57% of the common variance among the input variables is explained by the retained first factor. The time constant factor loadings, i.e. the degree to which each of the community variables correlates with our factor of interest, are given in Table 5 . The loadings are bounded between -1 and 1 and their absolute values indicate the corresponding correlation with the underlying factor. All loadings show the expected sign (in line with theoretical arguments) fortifying the assumption that the underlying first factor indeed reflects the relative level of economic development of communities. Clearly, enhancements in infrastructure and transport, service availability, economic integration and higher average incomes correlate positively, while labour markets characterized by more heavy physical occupations and a high concentration in the agricultural sector univocally reflect relatively lower degrees of development. So far, the index variable resulting from the factor analysis is originally continuous in nature. However, for the development index to be used as a mean to stratify the data with regard to the later analysis, a discrete measure is required. Therefore, an additional discrete variable is created that is directly based on the distribution quintiles of the originally continuous measure. This discrete variable classifies the development stage of a community as being in the categories from one to three with the highest value representing the highest level of development. The decision to choose exactly three classes of development stages is directed by two arguments. On the one hand there should be enough variation (i.e. there should be not too few strata) to allow the capturing of effect heterogenieties in the main analysis. On the other hand, a large number of strata reduces the number of observations in each of the strata and, thus, reduces the precision of our result 18 .
Assessment of Development Index
For the subsequent analysis to be credible it is essential to assure trustworthiness of the development index. Following DeVellis (2003), particularly two properties of the index should be ensured. First, it should reflect the over-time development that China has experienced for the last two decades, i.e. the index should on average show higher values for later periods than for earlier ones. Second, as there is certainly heterogeneity between communities and regions, the index should be able to discriminate accordingly. Plotting the average logarithmic incomes of communities against their value of the development index by waves provides Figure 2 . The vertical lines are drawn at the mean value of the overall development index, i.e. at zero, while the horizontal lines are drawn at the mean value of the logarithm of average income (i.e. at 8.26). Linear fit-lines are added. The graph consistently shows a positive relationship for all waves-partly determined by the inclusion of income in the construction of the index -but at the same time revealing that communities with similar values in their development index have significant variation with respect to their income levels. In line with the magnitude of the factor loading this supports the assumption that apart from income also non-monetary variables should be considered in the assessment of communities development levels. Moreover, it can be seen that in time the scatter-plot is monotonously moving from the lower-left quadrant to the upper right one which is an indication of increasing levels of aggregate development over time. This point is further underscored by Figure 3 which draws the naive kernel density estimates of the distribution of the development index for each of the waves. Two things are noteworthy. First, with time the estimated distribution of the development index is clearly shifting rightward, once again supporting the hypothesis of overall developmental progress. Second, the densities of all years are bimodal in nature. This is probably due to persisting rural urban disparities. In fact, when following the definition of rural and urban areas as they are initially coded in the CHNS community surveys, the development index discriminates surprisingly well between them. In the group of communities that are assigned to be rural the average of the development index does not exceed the zero (mean) value in any of the waves while for the urban sub-group the average never falls below it.
Still, significant variation of the development index even within the sub-groups of rural and urban communities indicates that the index is able to capture nuances beyond a crude rural urban definition. To further highlight how the index captures variation in the stage of development between communities, Tables 6 and 7 show unweighted averages of the constructed development index for each of the covered provinces and for geographical clusters (as defined in section 2) by year.
Again in line with the findings from above, time variation suggests that on the aggregate all provinces exhibited a positive trend in their development paths. With the exception of Shandong in 1993 the development index universally increases over time.
19 Investigating differences across provinces it can be seen that the eastern coastal regions (especially Liaon- ing and Shandong) appear to be comparatively more developed throughout the entire time span under consideration. This point is further supported by looking at mean levels of the development index by geographical clusters. As discussed earlier, urban areas exhibit higher levels of development throughout the time span under consideration. Moreover, especially coastal regions are consistently at the forefront. At the same time regions in inner China consistently show lower levels in their values for all waves considered which supports the ability of the index to capture between variations. Finally, Table 8 presents the communities' transition probabilities with respect to the development quintiles between two consecutive waves labeled as t and t + 1.
20 For this, a modified version of the discretized development index variable is used. E.g. the entry in the second column of the first row gives the transition probability that anyone community was classified to belong to the lowest development quartile in one wave, but jumped to the next higher (i.e. the second lowest) quartile in the subsequent wave. Accordingly, the entry in the third column of the third row represents the probability that anyone community was classified to belong to the third quartile and remained in that also in the subsequent wave. Assuming that the majority of communities experienced positive economic development throughout the time under considerations one should expect to find that pattern to be reflected by the data. Indeed, the figures confirm that the majority of communities experienced constant or positive development stages, i.e. probabilities of remaining in a development category or jumping into a higher category are higher in absolute terms. Moreover, the higher the category in the initial period t, the more likely it is that a community stay in the same period in the consecutive wave. At the same time it can be seen that there is a significant number of communities that -given their initial development stage-show a jump into a higher category in the consecutive period. Only few cases (< 5%) experienced a drop in the classification. In sum, the constructed index appears to reasonably reflect communities' relative stage of development. It shows some desirable properties in that it reenacts the overall positive development path that most Chinese areas have undergone during the last 20 years. Moreover, it accentuates between community differentials in development consistently. In what follows, the created index is used to characterize individuals economic environment and to proxy the average level of development within regional sub-clusters. These sub-clusters are at varying aggregation levels. The roughest aggregation level is at province-wave level, the finest aggregation at community-wave level. At rougher levels of aggregation the mean of the development index of the comprised communities is assumed to reflect the level of economic development in that cluster.
Individual Level Analysis
Set-Up
This section investigates the determinants of individuals' BMI growth with special focus on the income gradient and whether it is any different when comparing less developed areas with their more developed counterparts. The level of development is empirically approximated 20 by the categorization based on community variables as described in the previous section.
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Focusing on changes of BMIs (instead of levels) implies that only adult individuals can be included in the analysis which are captured at least twice by the CHNS. Reducing the sample in that way leaves 13,980 female and 12,408 male (26,388 total) observations. 22 For the remaining observations I calculate the future annual growth rate in their BMIs utilizing the two nearest measurements. Using OLS regression, individuals' future BMI growth between period t 0 and period t is modeled as follows:
In this specification the geometric mean growth of height adjusted body weight (BM I i,growth 23 )
is a linear function of its present level (BM I t 0 ), the log of deflated per capita household income (logInc i,t 0 ), the present level of physical activity (P A i,t 0 ), additional covariates (such as age at the time of the survey and its square, education, marital status, household characteristics) as well as time and geography dummies. As usual, ε i is the remaining error term.
Other studies that analyze BMI as a function of income usually focus on the present level of body weight and not on its growth. Hence, the individual data (oftentimes of cross-sectional nature) used usually measure BMI and income simultaneously. In those studies the relationship between income and BMI is either estimated as the conditional correlation between the two (e.g. Jolliffe (2010), Lu and Goldman (2010) or Chou et al. (2004) ) or is identified as a causal effect using instrumental variable approaches (Akee et al. (2010) or Cawley et al. (2010) ). It is easy to see that judgments about the relationship of interest are difficult to make in such settings. On the one hand, even though all confounding variables are controlled for, potential reverse causality between income and BMI makes coefficient estimates questionable.
24 Thus, identification strategies that estimate the effect of logInc t 0 on BM I t 0 are likely to fail even when controlling for observable characteristics of individuals yields conditional independence. On the other hand, although overcoming biases due to (1) omitted variables in the estimated equation and (2) reverse causality, approaches that investigate long-lasting exogenous variations in incomes to establish causal parameters have the major shortcoming that they are 21 Preliminary analyses (not shown here, but available from the author upon request) that stratified subsamples according to geographical clusters (non-coastal rural, non-coastal urban, coastal rural and coastal rural areas) instead of the development index yield qualitatively similar results.
22 For the survey wave of 2006 only individuals' BMI can be used to calculate the growth rates.
23 Formally, the geometric mean growth rate of BM I is defined as BM I growth,i = (
not able to make general statements, because the effect is only identified for specific subgroups in the population. 25 While these local effects are interesting in their own right, policy makers are usually interested in a broader understanding of the problem. Moreover, in the present context it is difficult to think of a meaningful instrumental variable. Income per se has no direct effect on BMI, but only through resulting changes of caloric intake and caloric expenditure. Hence, for exogenous changes in income to have a measurable effect on BMI the effect needs to be long-lasting. However, for the exclusion restriction to hold, any potential IV candidate would need to affect BMI only through the income channel. Yet, it is just natural to assume that exogenous shifts in income will also initiate changes in the level of physical activity (substitution effects). While it is possible to control for the present level of physical activity, it is per se not possible to control for the changes thereof as induced by variations in the instrument thus making any IV strategy likely to fail. Analyzing future BMI growth (instead of its level) as a function of income is a somewhat different approach -yet very informative. By using the panel structure provided by the CHNS we can learn how the present level of household income -holding other factors constant-relates to the magnitude of future changes in individuals' body weights. There are several advantages of using future BMI growth instead of its present level. First, from an econometric point of view potential problems due to the reverse relationship between income and BMI are ruled out by construction in this set up as it is difficult to think of a person's future growth in body weight to have any influence on his income level today. Second, since the outcome represents a percentage change, the β 2 coefficients can be interpreted as elasticities. Third, policy makers are mostly interested in the dynamics of the obesity epidemic and less in snapshots. Modeling future changes in BMI allows to identify sub-populations most at risk of future increases of BMI and also whether the dynamics are any different across females and males and different levels of economic development, respectively.
It is important to note that changes in body weight over time can be considered as a process of convergence, because there is a natural upper bound to an individual's body weight. Moreover, it is likely that factors such as income will have different effects on BM I i,gwt depending on its current level. Hence, it is essential to control for BM I t 0 26 when modeling its future growth. Convergence effects are expected to yield negative values for β 1 independent of the level of economic development. Likewise, BMI is an increasing and concave function of age which, in turn, is likely to affect the income level of individuals. After controlling for the level of physical activity and other potential confounders, β 2 , is assumed to indicate whether (in expectation) a higher level of household income is related to larger or smaller future growth in BMI respectively. The analysis is conducted for each gender separately using geography and time fixed effects. Since the model is estimated on a pooled sample the standard errors are adjusted for clustering at the individual level. Table 9 shows the pooled OLS estimates for the determinants of BM I gwt by gender and level of economic development under the inclusion of geography and year dummies. The mean values of female and male annual growth rates for adults 18-60 in the data are 0.48 and 0.57 respectively. The constant terms reveal that for both genders BM I gwt has been most pronounced in the most developed areas. The coefficients of main interest are to be found in the first row and clearly support the hypothesis of a rotating income gradient. When looking at the different sub-samples, in the least developed areas a higher level of (log) income is related to a significantly larger future growth in individual BMI. This is true for males and females likewise, and the coefficients are similar in size. After controlling for the other covariates in the model a 10% increase in income is, on average, related to a 0.015 p.p. (0.013 p.p. for males) increase in BM I gwt . Moreover, the income gradient of looses its significance when looking at the middle development category (though the point estimates are still positive). It should be noted that here the coefficients are approximately half the size of their correspondents in the least developed categories. The overall picture changes drastically for the economically most developed areas where the income gradients switch from positive to negative. Here, for females a 10% increase in income is related to a 0.017 p.p. decrease in BM I gwt . Stated differently, in more developed areas the body weights of females located at higher levels of the income distribution (ceteris paribus) grow significantly slower than of those at lower levels -a pattern which is qualitatively similar to what can be in industrialized societies nowadays. Although the income gradient is also negative for males in the most developed areas it is not significantly different from zero.
Results
At this point it is also worth to investigate the other coefficients of the model. As expected, there are strong convergence effects of BM I gwt as reflected by the significantly negative coefficients across all sub-samples-thus, higher levels of BM I t 0 are followed by significantly lower future growth rates 27 across all stages of economic development . Yet, while the convergence effect for females is strongest in the most developed areas the contrary is true for males where the least developed areas reflect the largest degree of convergence of BM I gwt w.r.t. its initial Astonishingly, most of the coefficients that capture the effect of caloric expenditure due to physical activity appear to be insignificant. This might be due to the fact that some variation in physical activity levels is already captured by the development index. A priory one would assume individuals with low levels of physical exhaustion (i.e. non-employed and with very light and light physical activity) to have larger values of BM I gwt . This, however, is not reflected by the estimates.
28 If anything, the only two significant coefficients are those indicating that females in the middle development category with light and heavy physical activity of females exhibit larger values of BM I gwt over the subsequent period than those with very light activity levels (the reference category). Although not in line with the a priory expectation this might still be reasonable. Economic development is a dynamic process which is accompanied (among other things) by a continuous move of the labour force out of physically demanding occupations (often agriculture and heavy manufacturing) into less demanding jobs (service sector). Or, stated differently, with economic development there is a trend that individuals are continuously lowering their caloric expenditure, ceteris paribus, due to the changing structure of the labour market (Lakdawalla et al. (2005) ). As seen, many individuals covered by the CHNS also face such structural changes over the observed period. Accordingly, larger values of BM I gwt among individuals with higher levels of physical activity -as found by the estimates-might simply be due to the fact that these individuals are likely to reduce their physical activity levels in the future to a greater extent than those who are in the very low activity category already and, therefore, gain more weight ceteris paribus. In contrast to other studies, the level of education plays virtually no role in the process of body weight accumulation after controlling for the other variables. The same is basically true for the education of the household head. This finding is not in line with the prediction of theoretical models which consider the decision to be overweight as an outcome of limited knowledge about potential health risks. Finally, the relationship between marital status and BM I gwt is also rather weak. However, while being married is related to larger future weight gains for males (though only significantly in the middle category) the reverse is true for females.
These findings, however, should not be confused. As seen in the descriptive section, the overall level of average BMI is still a lot higher in more developed areas. Yet, when extrapolated, the changing gradients indicate the hump shape proposed by existing theories.
Concentration Indices Analyses
A positive (negative) income body-weight relationship can be understood as a higher (lower) mean level of body-weight at upper ranks of the income distribution. Thus, a non-zero gradient implies a unequal distribution of body-weight w.r.t. income levels. Especially in health economics the concentration index (Kakwani (1980) ) has been extensively used to quantify and compare socio-economic status related inequalities in health variables. I follow this practice. The concentration index (CI) is closely related to the concentration curve 29 and is defined as C = 2 µ cov(I, H), where µ represents the mean level of the health variable looked at in the distribution of interest, I the income measure and H the health measure. This estimator is also referred to as the convenient covariance formula and can easily be applied to individual (ungrouped) data such as the CHNS.
30 By definition, the concentration index ranges from −1 to 1 while zero indicates a completely equal spread of the health variable across the income distribution, C < 0 (C > 0) indicates that the health measure (i.e. higher body weight) is relatively more concentrated among the poorer (richer) ranks, i.e. larger absolute values indicate a more unequal distribution of the health variable. Applied separately at regional clusters in the data, ceteris paribus, CI can directly be used to compare the degree and the direction of health inequalities between these different sub-populations (i.e. cross-sectional and over time). Exactly for that reason, CI is, though simple, especially wellsuited for the present analysis. Assuming that there is a rotating income gradient, this would imply that overweight is shifting relatively stronger towards relatively poorer individuals. In case of such trickling down of overweight one should observe a negative relationship between the level of economic development of a region and its CI. For the computation of the concentration index per capita household income deflated to 2006 prices is used as the ranking variable I . 31 Regarding H, the binary information on an individuals overweight status (=1 if overweight) is used. Wagstaff (2005) has shown that when the health variable of interest is 29 The concentration curve plots the ranked (poorest to richest) cumulative percentage of the income variable on the x-axis against the cumulative percentage of the health variable on the y-axis.
30 In Kakwani et al. (1997) the authors provide the regression equivalent (convenient regression) to estimate concentration indices based on individual data. This approach allows to control for confounding demographic factors (e.g. age) when computing CIs and, thus, to extract avoidable inequalities which are not due to demographic factors. However, as found in the analysis, controlling for potential demographic confounders hardly alters the results in the present context. Hence, all CI estimates are based on the convenient covariance formula without further adjustments.
31 Note that the concentration index does not depend on the absolute variation in the ranking variable but only on its relative ranking. 26 binary, the bounds of the CI are contracted.
32 It is adviced to normalize the CI by dividing it through 1 − µ in order to allow direct comparison of the CI across different sub-population. I follow that practice. All CIs are calculated for males and females separately. Two counteracting effects are at play when defining the aggregation level at which CIs are computed. At rougher levels of aggregation the number of individual observations in the sub-cells are larger which leads to more precise estimates of the CI for the sub-populations. However, rougher aggregation levels also reduce the number of the resulting data points that can be used for comparisons. On the contrary, computing CI at finer aggregation levels will lead to more data points, but at the cost of precision. Fortunately, the CHNS structure allows to conduct the analysis at different degrees of aggregation. As with the development index, single communities at distinct points in time can be identified from the data. This is the finest level of aggregation at which it is reasonable to compute CI. Yet, the number of observations at this level is (very) low -in fact too low to form a basis for a meaningful computation of CI at that level 33 . For this reason, the sub-samples for the construction of CIs are based on a rougher level of aggregation. First, CIs of overweight are computed at the aggregation level of wave and gender specific sub-samples formed at the province level. Moreover, within each province the sample is further divided based on rural/urban status. This approach delivers 204 sub-samples, in each of these CIs are computed. Moreover, for each of these sub-samples the average development level is computed based on the development index at community levels. The relationship between these two measures is analyzed in a regression framework to shed more insights on the relationship between incomes and body-weight throughout the process of development. A simple scatter plot of CIs against the development levels (supported by linear fit lines) reveal some first evidence of a changing income gradient at the aggregate level.
The graph shows the negative correlation between a regions average level of development and its CI. It should be noted that the linear fit line for females appears to be at a lower level compared to the line for males. At a development index value 0.5 it crosses the critical zero-threshold. In other words, the CI indicates that the most developed areas covered by the CHNS are at a stage where overweight is already now a predominant problem of the lower 32 The interval of the concentration index is shrunken to the lower and upper bounds µ − 1 and 1 − µ respectively. Thus, the larger the mean value of the health variable the smaller the bounds.
33 When restricting the sample to adults 18-60 years old and dividing it further by gender, some community wave clusters comprise less than 20 observations. Preliminary analysis shows that CI standard errors, if computed at community wave levels, become too large to still be useful. Moreover, at this aggregation levels about 15% (346 of 2412) of the sub-clusters exhibit mean overweight levels of zero (µ = 0) which makes computation of CI in these clusters infeasible. income classes. Clearly, this result is consistent with the finding from the previous section, namely that at later stages of economic development there is a stronger negative effect of income on weight gain for females. However, the correlation might be contaminated by general time effects. To target this problem, I simply regress CIs on indicators of economic development as well as on dummies indicating the survey year. I further include a gender dummy that indicates if a CIs is computed for a male sub-population to see if there is a difference between genders. Table  10 provides results of regression analyses which explain the computed CIs as a function of economic development explicitly controlling for time and province specific effects. The first column reports the estimated coefficients of an regression of overweight CIs on a constant term and year dummies. It can be seen that throughout the survey waves the level of CIs has continuously decreased, for the final wave being on average 0.12 units lower than for the first one. Similar to Section 2, the naive geographic location is first used to approximate the level of development in the second column. The time dummies hardly change-however, the coefficients for the geography dummies show that in urban areas the average CI of overweight is found to be 0.09 units smaller than in rural non-coastal areas. The result hold when additionally controlling for gender. Among the sub-population of males, on average, the CIs are on average 0.09 points higher than for females. I ultimately interpret this as evidence that the income BMI gradient for males only switches at a later stage of economic development than for females (compare to Monteiro et al. (2004b) ). The last two columns replace the representation of development through geographic location by the continuous development index. In column four the coefficient is negative and significant (though only at the 10% level). When further adding province dummies to the model the negative effect of the development index becomes somewhat stronger and is now significant at the 5% level. Hence, all specifications indicate that there has been a trickling down of overweight to the lower ranks of the income distribution and the stage of development plays a crucial role in that shifting. 
Concluding Remarks
This paper has shown that China is witnessing a drastic increase in BMI levels and, at the same time, a pronounced shift of overweight and obesity towards individuals at lower ranks of the income distribution. Descriptive statistics revealed that this comes despite reduced mean caloric intake and is therefore mainly driven by overcompensating reductions in physical activity. As modeled by Philipson and Posner (2003) I find that the income body-weight gradient rotates throughout the course of economic development whereas the latter is approximated using community related information of the CHNS. According to the results the relatively less developed areas covered by the CHNS are reflecting the typical "developing country patter": body-weights are growing relatively stronger at the upper ranks of the income distribution and overweight is so far predominantly a problem of relatively richer individuals in these areas. Yet, when investigating more developed areas I rather find an "industrialized country scenario" where a higher level of income is related to lower (or negative) growth of an individual's BMI ultimately effectuating the epidemic to trickle down to lower ranks of the distribution. Hence, the income-BMI gradient is not linear but hump-shaped and differs with the level of economic development. Moreover, for females the gradient appears to rotate at an earlier stage of development than for men.
